A 27-year-old woman visited our hospital because of high fever. She had been diagnosed as 22q11.2 deletion syndrome (22q11.2DS) due to her cardiac history (tetralogy of Fallot), thymic hypoplasia and 22q11.2 deletion. She had a normal CD4/CD8 ratio, a slightly decreased lymphocyte count and normal serum immunoglobulin levels. Blood cultures were positive for Staphylococcus lugdunensis (S. lugdunensis). Infection route of S. lugdunensis in this case was unclear. The patient was successfully treated with several intravenous antibiotics. Infection should be considered when managing patients with 22q.11.2DS. regardless of whether their immune system is impaired.
Introduction
Almost all cases of DiGeorge syndrome (DGS), which is also known as velocardiofacial syndrome, result from a common genetic defect, the 22q11.2 deletion, and various presentations of the syndrome have been described (1) . This syndrome, which is now usually referred to as the 22q11.2 deletion syndrome (22q11.2DS), is becoming more common. Most patient with 22q11.2DS die early in life (2) , and bacterial infection or sepsis is associated with a substantial mortality rate (3, 4) . Herein, we describe an adult patient with 22q11.2DS who developed sepsis caused by Staphylococcus lugdunensis (S. lugdunensis), which was improved by treatment with intravenous antibiotics.
Case Report
The patient was a 27-year-old woman. She visited our hospital due to a high fever. She had no back pain, back tenderness or joint pain. She had a history of tetralogy of Fallot (TOF), partially repaired at 14 months of age (the details of the cardiac surgery that she underwent are not known). Thymic hypoplasia was noted during the surgery. She did not have any prosthetics, medical devices, or vascular grafts in her body. On a facial examination, it was found that she had single-fold swollen eyelids, and lateral displacement of the inner canthi and hypertelorism were recognized. Her nose was wide and flat, and her mouth was small (Fig. 1) . A genetic examination demonstrated a hemizygous 22q11.2 deletion. The patient's history of cardiac problems, thymic hypoplasia and 22q11.2 deletion led to a diagnosis of 22q11.2DS. One week prior to presentation, the patient developed recurrent high fevers and severe fatigue. On admission, her body temperature was 39.7 , she suffered slight respiratory distress (respiration rate: 22-25/min) in room air, her blood pressure was 96/69 mmHg, and her radial pulse rate was 109 beats/min and regular. She had neither anemia nor jaundice. She did not display any joint swelling or abnormal neurological findings that were sug- gestive of septic arthritis, osteomyelitis or discitis. Her abdomen was flat and soft. She had not undergone previous abdominal surgery. The patient had no gastrointestinal symptom and no symptoms of pelvic inflammatory disease. A chest examination revealed clear bilateral breath sounds, and a grade V holosystolic murmur. A neurological examination revealed no abnormal findings. She had poor speech and was mentally retarded. Her laboratory data on admission are shown in Table 1 . Her serum calcium level was 7.8 mg/dL (normal range; 8.6-10.1), and her C reactive protein concentration was 9.5 mg/dL (normal<0.3 mg/dL). She had a slightly decreased lymphocyte count, but her CD4 and CD8 cell counts, CD4/CD8 ratio, and serum immunoglobulin levels were all within the normal limits. Chest X-ray and computed tomography (CT) showed no abnormal shadows that were suggestive of lober pneumonia or bronchopneumonia in her lung fields. Her abdominal CT findings were normal. Ultrasonic cardiography showed a 71% ejection fraction, mild to moderate pulmonic stenosis, a cardiac shunt of about 15 mm in diameter due to a ventricular septal defect, and the absence of vegetation. Her dental findings on admission were as follows (Fig. 2) ; 1) open bite, 2) insufficient eruption of permanent teeth, 3) slight enamel hypoplasia with plaque and dental caries of the permanent teeth, and 4) gingivitis. Coagulase-negative cocci were isolated from dental plaque specimen cultures (on day 2). She had no skin lesions that were suggestive of skin infection, such as erythema or ulceration, on her body surface. The first blood cultures obtained on day 1 (2 sets obtained from the peripheral veins) were positive for gram-positive cocci. As for the cocci isolated from the blood cultures, the tube coagulase test was negative, but tests for clumping factor, Lpyrrolidonyl-beta-napthylamide, and ornithine decarboxylase were positive. These results suggested that the cocci were S. lugdunensis. S. lugdunensis isolated from the blood cultures was sensitive to oxacillin, ampicillin/sulbactam, clindamycin, cefazolin, gentamicin, and vancomycin. The patient did not fulfill the modified Duke's criteria for infective endocarditis (5). She was given a diagnosis of sepsis caused by S. lugdunensis and treated with ampicillin/sulbactam 3 g intravenously three times a day and clindamycin 300 mg intravenously twice a day for 7 days. Subsequently, because of appearance of drug eruption, antibiotics were changed to vancomycin 0.75 g intravenously twice a day and administrated for 35 days until her CRP level decreased to within the normal range (<0.3 mg/dL). A second set of blood cultures (2 sets obtained from peripheral veins) obtained on day 7 was negative for S. lugdunensis. She underwent therapy for sepsis, and also dental caries for several weeks. Slight fever and increased levels of serum CRP were observed during the dental caries therapy, resulting in longterm vancomycin administration. Her fever dissipated, and her general condition improved. We genotyped S. lugdunensis from her blood cultures and the coagulase-negative cocci from her dental plaques using random amplified polymorphic DNA (RAPD) analysis (6) . The banding patterns generated by S. lugdunensis isolated from the blood cultures and the cocci isolated from the dental plaque cultures were different (data not shown). As a consequence, we could not prove that S. lugdunensis isolated from the patient's blood and the cocci isolated from her dental plaque were related. She is currently undergoing therapy for dental plaque and dental caries.
Discussion
22q11.2DS is a relatively novel concept, and 22q11.2 deletion can be detected by fluorescence in-situ hybridization (FISH). Malformations of the cardiovascular system are frequently seen in 22q11.2 deletion syndrome, and abnormalities of the aortic arch are found in many patients (7, 8) . The incidence of 22q11.2 chromosome deletion is unclear, but it is thought to be 1 in 4,000 live births in a preliminary report (2, 9). Thus, chromosome 22q11.2 deletion is not rare. van Engelen et al (10) reported that 6.5% (31/479) of TOF patients and 16.5% (13/79) of pulmonary atresia/ventricular septal defect patients displayed 22q11.2 deletion syndrome.
Many patients with this syndrome die early, and sepsis is a major cause of death in 22q11.2DS patients. Marmon et al (4) reported that 63% of 30 DGS patients with congenital heart disease (CHD) died due to infection with sepsis, regardless of whether they had undergone neonatal surgical treatment. Long-term survival in his series of DGS patients with CHD was 13% (4/30).
Patients with 22q11.2DS have underdeveloped thymi and hence display various degrees of immunodeficiency. However, the majority of patients only display a partial cellular defect involving reductions in their T cell numbers and mild to moderate immunodeficiency without a predisposition to opportunistic infections such as recurrent candidiasis and/or severe viral infections. In contrast, some patients with 22q11.2DS suffer from fatal infectious diseases such as candidiasis (11), Pneumocystis jiroveci (12) or Epstein-Barr vi- rus infection (13) . The occurrence of opportunistic infections is more common among patients with predisposing conditions that impair host defenses including being in an immunocompromised state. There might be many latent cases of 22q11.2DS patients who have potential immunodeficiency or predisposition because CD4 cell counts are rarely determined in patients without human immunodeficiency virus infection (14, 15) . Although the present patient showed a normal CD4/CD8 ratio and a slightly decreased lymphocyte count, opportunistic infections should be taken into consideration. Patients with 22q11.2DS, might be associated with various immunologic abnormalities including elevated or decreased IgG levels, IgA deficiency, and a decreased B cell subset (12, 13, 16) . Gennery et al (17) described that humoral immunodeficiency is more common than previously recognized in patients with 22q11.2DS, and 26 (81%) of their 32 22q11.2DS patients had severe or recurrent sinopulmonary infection. Moreover, 13 (50%) of 26 patients had abnormal serum immunoglobulin measurements (17) . Infections should be considered when managing patients with 22q.11.2DS.
There are few reports describing the oral or dental findings of patients with 22q11.2DS (18) . However, some DGS patients with abnormal dental findings have been reported (18, 19) . Fukui et al (18) described that the characteristic oral or dental findings of DGS patients were 1) enamel hypoplasia of the permanent teeth relating to hypocalcemia, 2) delayed tooth germ development and eruption of the permanent teeth, and 3) hypoplasia of the nasopharynx. The abnormal dental findings of the present case were compatible with those mentioned by Fukui et al (18) . In the present case, since the patient underwent therapy for sepsis, and dental caries, long-term vancomycin therapy was offered although endocarditis was clinically less likely. We speculated that the peroral route might have been a causative path of the staphylococcal sepsis observed in this case. However, we could not prove that S. lugdunensis isolated from the blood and the cocci isolated from the dental plaque were related using the RAPD method.
In the present case, S. lugdunensis caused sepsis. S. lugdunensis, which was first described in 1988, is a coagulasenegative species of the genus Staphylococcus, and the isolation rates of S. lugdunensis are about 10% for non-S. epidermidis coagulase negative isolates (20) . S. lugdunensis is associated with several infections, mainly skin/soft tissues infection and serious infections such as endocarditis or sepsis, and is known to behave similarly to S. aureus (21, 22) . S. lugdunensis is susceptible to a wide array of antimicrobial agents. It has been suggested that penicillin resistance is rare in S. lugdunensis; however, Mateo et al (23) reported that 11.8% of strains were penicillin resistant in their series. S. lugdunensis of the present case was susceptible to oxacillin and ampicillin/sulbactam. Choi et al (22) evaluated the incidence, characteristics, and outcomes of S. lugdunensis bacteremia (SLB). They reported that the incidence of SLB was 1.3 cases per 100,000 admissions. Moreover, 23.8% (15/63) of their SLB series had clinically significant bacteremia, 3 cases had endocarditis, and the mortality rate was 6.7% (1/ 15). They concluded that SLB was associated with a low risk of bacteremia-related mortality, but death in patients with significant SLB might be due to the presence of serious underlying diseases such as endocarditis. In the present case, the risk of serious infection such as endocarditis or recurrent sepsis should continue to be considered as her cardiac shunt still persists. Since she had no skin lesions and did not undergo a catheter examination or catheter therapy (22, 24) , the infectious route of S. lugdunensis that induced sepsis in this case was unclear. In a literature review, Seenivasan and Yu (25) described that perineal skin flora appeared to be the source of the organism in patients with S. lugdunensis endocarditis. Moreover, the aggressive nature of S. lugdunensis resembles S. aureus (24) . Thus, we speculated that the mode of transmission of S. lugdunensis infection observed in the present case was from the skin, although there was no direct evidence to support this.
In conclusion, we reported a case of sepsis caused by S. lugdunensis in an adult 22q11.2DS patient that was successfully managed with several intravenous antibiotics. Infections such as endocarditis or recurrent sepsis should be considered when managing patients with 22q11.2DS.
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